A method for identifying the members of the endemic genus Wiseana Viette from New Zealand is described. Seven species have been described in the genus:
Introduction
Wiseana Viette is one of five endemic genera in the 'Oxycanus' lineage of hepialid moths (Lepidoptera: Hepialidae) (Dugdale, 1994) from New Zealand. Using a morphological species concept, Dugdale (1994) recognized seven species in the genus: W. cervinata (Walker), W. copularis (Meyrick), W. fuliginea (Butler), W. jocosa (Meyrick), W. mimica (Philpott), W. signata (Walker) and W. umbraculata (Guenée).
The larvae of Wiseana, commonly referred to as 'porina' (an old, preoccupied generic name), are important pasture pests in New Zealand causing significant economic losses (French, 1973; Barratt et al., 1990 , Johnston, 1994 Herbert, 1995) . The larvae build vertical tunnels in the soil and feed nocturnally, defoliating pasture grasses, clover and lucerne (Barratt et al., 1990) . Barlow (1985) estimated that porina densities of 40-120 m -2 resulted in 20-80% loss of pasture production. Herbert (1995) found larvae of W. cervinata and W. copularis in damaged pastures throughout New Zealand and W. fuliginea on South Island. Dugdale (1994) also lists W. mimica as a damaging species.
Wiseana taxa are difficult to distinguish using adult morphological characters. Males of all species can be identified but this requires dissection and interpretation of genitalia and experience in interpreting antennal and scale characters (table 1) .
Females of all species have been found to have continuous, overlapping external morphological characteristics (MacArthur, 1986; Herbert, 1995) and are only reliably identified using characters from the bursa copulatrix in the female genitalia (Dugdale, 1994) . External characters to distinguish between W. cervinata and W. copularis females are being tested (E.G. White, personal communication) . Herbert (1995) found the larvae of each species, reared in the laboratory from positively identified adults, to be morphologically very similar. Further morphological work to distinguish between larvae of the different species is in progress (J. Dugdale, personal communication).
Intra and interspecific character variation has created difficulties in finding stable morphological characters to identify taxa in this genus and has resulted in a history of taxonomic instability (Hudson, 1928; Dumbleton, 1966; Archibald, 1984; Dugdale, 1988) . Research on control measures has previously treated 'porina' pests as a one-species problem, principally dealing with the W. cervinata 'complex' (e.g. Farrell et al., 1974) . Failure to accurately identify the taxa under study may have confounded ecological studies (e.g. Dumbleton, 1945; Fenemore & Allen, 1969; French, 1973; Barlow et al., 1986) .
Few variable characters were identified for Wiseana taxa in a cladistic analysis of a morphological data set (Brown et al., 1999) and relationships within the genus, apart from between W. signata and W. umbraculata, were not resolved. Brown et al. (in press ) identified ten lineages of Wiseana from mitochondrial DNA COI and II sequences. These lineages corresponded to the seven currently described species, plus an additional haplotype for W. cervinata, W. copularis and W. signata. Phylogenetic relationships for the genus Wiseana were inferred from the mitochondrial DNA sequences ( fig. 1 ). The mtDNA data set produced a more resolved phylogeny for Wiseana in comparison to the morphological, but lack of synapomorphies deeper in the clade, a predominance of transitional nucleotide substitutions and the presence of many autapomorphic characters for Wiseana haplotypes suggests recent and rapid radiation. This result is consistent with the dearth of morphological features that define the Wiseana taxa.
Where morphological characters cannot distinguish between taxa, other methods may be useful. Herbert (1995) resolved the seven recognized Wiseana species using isoenzyme electrophoresis and developed a key. The seven species showed unique combinations of fixed differences at the Acp-1, Gp-2, Me-1, 6pg-1 and Pep-1 loci. Additional fixed or frequency differences at other loci also distinguished each species. However, new molecular techniques such as amplification of a fragment of DNA by the polymerase chain reaction (PCR) followed by cleavage with restriction enzymes to produce diagnostic patterns from length and site polymorphisms (RFLPs) offer advantages over allozymes. DNA is less sensitive to 288 B. Brown et al. degradation, in the short term, allowing specimens to be stored in alcohol before DNA extraction. Furthermore, any life cycle stage can be used, only a small amount of DNA is required and the restriction patterns are unambiguous and reproducible (Szalanski & Powers, 1996; Armstrong et al., 1997) . The technique is also relatively inexpensive in comparison to sequencing, allowing more specimens to be processed.
The mitochondrial genome is relatively small and has a combination of conserved and variable regions (Simon et al., 1994; Mills, 1996) which is useful for the development of diagnostic tests to discriminate between races and sibling species. The polymerase chain reaction (PCR) and restriction fragment length polymorphisms (RFLPs) of mtDNA have produced diagnostic tests for Aedes mosquitoes (Kambhampati & Rai, 1991) , Anopheles mosquitoes (Diptera: Culicidae) (Mitchell et al., 1992) , gypsy moths Lymantria dispar (Linnaeus) (Lepidoptera: Lymantriidae) (Bogdanowicz et al., 1993) , root knot nematodes Meloidogyne spp. (Hugall et al., 1994) , ermine moths of the Yponomeuta padella (Linnaeus) complex (Lepidoptera: Yponomeutidiae) (Sperling et al., 1995) , tobacco budworm Heliothis virescens (Fabricius) and corn earworm Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae) (Roehrdanz, 1997) .
In this paper we report a method for distinguishing between Wiseana taxa using the polymerase chain reaction and restriction fragment length polymorphisms on the mitochondrial DNA cytochrome oxidase I and II (COI and II) regions.
Material and methods

Collections
This study is based on adult Wiseana males that were collected by light trapping, placed directly into 96% ethanol and stored at 4°C before identification (see 
Preliminary identification of restriction sites
A 527 base pair (bp) region of the COI and II region had been sequenced previously for phylogenetic analysis (Brown et al., in press ). Restriction sites in this region were searched for using the range of enzymes listed in DNAMAN (Lynnon Biosoft, 1994 -1995 , before the amplification of the entire COI and II region.
DNA extraction, PCR and restriction digests
Muscular tissue from the thorax of specimens was homogenized and total DNA extracted using a proteinase-K digestion and high salt precipitation (White et al., 1990) . The COI and II gene regions were amplified via the polymerase Molecular markers for Wiseana taxa 289 et al., 1976) . b Grid references from NZMSchain reaction (PCR) (Saiki et al., 1988) using the primers mtDNA 4 (5ЈTACAATTTATCGCCTAAACTTCAGCC) (Sperling & Hickey, 1994) and mtDNA 18 (5ЈCCA-CAAATTTCTGAACATTGACCA) (Simon et al., 1994) . A single product band of approximately 2200 bp was produced for all taxa. 25 µl reactions comprised 2.5 µl of 10ϫ Taq buffer (Boehringer Mannheim), 3.75 µl of 1 mM dNTPs, 0.625 µl of 20 mM magnesium, 2.5 µl of 2 µM mtDNA 4 and mtDNA 18 primers, 0.2 µl of 5 u µl -1 Taq DNA polymerase (Boehringer Mannheim) and 0.9 µl of 20 ng µl -1 DNA. A Perkin-Elmer 2400, thermal cycler was used with a cycling profile of 94°C for 2 min pre-PCR followed by 93°C for 20 sec, 52°C for 40 sec and 72°C for 1 min for 36 cycles with a 5 min extension at 72°C after the final cycle. The resulting double stranded PCR product was run on a 2% agarose LE (low electroendosmosis) gel (Boehringer Mannheim) in an ethidium bromide buffer at 80 volts for 1 h, with a 100 bp ladder (Gibco BRL), before being visualized under UV.
Subsequently, the PCR product from the entire COI and II region was digested in a 10 µl reaction with restriction enzymes in a water bath for 2 h at temperatures according to the manufacturer's (Boehringer Mannheim) recommendations.
Reactions with 10 u µl -1 enzymes comprised: 1 µl of 10ϫ manufacturer's buffer, 0.35 µl of 10 u µl -1 enzyme, 3 µl PCR product and 5.65 µl deionized water. Reactions with enzymes at concentrations other than 10 u µl -1 comprised: 1 µl of 10ϫ buffer, 3.5 units of enzyme, 0.1 µl 100ϫ bovine serum albumin (BSA), 3 µl PCR product and deionized water to make up to a total volume of 10 µl. The digest product for each enzyme was initially run on a 2% gel in ethidium bromide buffer for 2-3 h at 135 v, with a 100 bp ladder (Gibco BRL) and visualized under UV. To improve resolution of the fragments, the AsnI and TaqI products were run on 3% metaphor gels at 100 v for 5 h and 4 h respectively. Fragment sizes were estimated by comparison with the 100 bp ladder on each gel.
Results
A mtDNA fragment approximately 2200 bp long was amplified with the primers mtD4 and mtD18 for all the Wiseana taxa. The fragment was digested with 14 commercially available restriction enzymes that were selected after screening the 527 bp COI and II sequence data. There were no restriction sites for Hind III. 50, 90, 140, 185, 200, 210, 220, 300, 310, 500 W. copularis 'northern' 50, 90, 140, 150, 180, 195, 210, 300, 350, 500 W. signata 'southern' and 'northern' 50, 80, 90, 140, 150, 180, 190, 220, 260, 310, 500 W. cervinata 'southern' 50, 90, 140, 180, 190, 220, 230, 260, 315, 500 W. cervinata 'northern' 50, 90, 140, 180, 190, 210, 220, 230, 315, 500 W. copularis 'southern' 50, 90, 140, 150, 180, 190, 210, 300, 320, 500 W. jocosa 50, 80, 90, 135, 195, 200, 230, 280, 310, 680 W. umbraculata 50, 80, 90, 135, 180, 190, 210, 230, 250, 310, 500 Taq1 W. fuliginea, W. mimica, W. cervinata 'northern', 50, 125, 150, 250, 270, 400, 460, 540 W. copularis 'northern', W. jocosa W. signata 'southern' and 'northern', W. umbraculata 50, 125, 150, 240, 270, 530, 890 W. cervinata 'southern' 50, 125, 150, 250, 450, 530, 690 W. copularis 'southern' 50, 125, 150, 250, 260, 400, 450 (fig. 2) . The enzyme TaqI produced four patterns ( fig. 3) . Wiseana cervinata 'southern' and W. copularis 'southern' exhibited unique patterns. A further pattern was shared by W. signata 'southern', W. signata 'northern' and W. umbraculata and the final pattern was shared by the remaining taxa. Hind II produced unique patterns for W. jocosa and W. copularis 'northern', while the enzyme did not cleave the remaining taxa ( fig. 4) . Hae III only cleaved W. signata 'northern' (fig. 5) .
No enzymes produced unique patterns for W. mimica or W. fuliginea in the DNAMAN search of the 527 bp section of COI and II and neither did the enzymes digested with the complete COI and II region.
Discussion
There are difficulties distinguishing between Wiseana taxa using morphological characters, for all life stages. Other barriers to rapid and accurate identification are overlapping distributions and adult emergence times (Dugdale, 1994; Herbert, 1995) . Lack of variability in morphological characters resulted in a poorly resolved phylogeny for this genus (Brown et al., 1999) .
DNA methods have not previously been used to identify Wiseana taxa. This technique produced diagnostic markers for W. cervinata 'southern', and W. cervinata' northern', W. copularis ' southern' and W. copularis' northern', W. jocosa, W. signata 'northern' and W. umbraculata . Wiseana signata 'southern' can be identified by a process of elimination.
No unique RFLP pattern was produced for W. fuliginea or W. mimica. This result is not unexpected considering that their COI and II sequence only differed by one nucleotide and corrected divergences show that these taxa differ by only 0.19% (Brown et al., in press ). The sequence from the ITS2 region for these taxa was identical (B. Brown et al., in press, b) .
A 200 bp variable region from the mitochondrial 16s rRNA gene, which is thought to be evolving as rapidly as the control region, (Parker & Kornfield, 1996) was sequenced for W. fuliginea and W. mimica, but again both produced an identical sequence (B. Brown, unpublished data).
Mitochondrial DNA COI and II sequences identified additional haplotypes for W. cervinata, W. copularis and W. signata (Brown et al., in press, a The technique reported in this paper offers economical, rapid and accurate identification of Wiseana taxa. In conjunction with morphological characters (for adult males), this method will allow the distribution of species, as well as species composition within one pasture, to be determined. Accurate identification will facilitate improved understanding of the life history, behaviour and ecology of non-pest and pest species. For pest species, an improved understanding of host plant preference, behavioural patterns and susceptibility to disease and insecticide should contribute to more efficient and effective pest management practices. 
